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SUMKAET 


Static  testa  hsTs  been  condneted  with  a 6.75  toch  dianeter 
polsejet  engine  using  eth^ens  nlde  (SIO)  es  a fnel.  The  STO  vas 
Injected  as  a liquid,  both  pre  and  sized  Itl  sith  gasoline.  It  vas 
also  decoa^iosed  to  a gas  generator  and  the  gaseons  prodoets  of  de- 
ceaiposltiea  were  Injected  dosnstreas  parallel  to  the  engine  azls: 

(l)  through  boles  drilled  to  two  ttibes  nonnted  between  the  tbIts 
box  and  engine,  and  (2)  fros  a single  nossle.  The  decoapoeed  ETO 
was  also  l^ected  radlallj.  The  only  sethod  that  resulted  to  satls- 
factozy  engine  operation  was  the  first  of  the  two  axial  Injection 
configurations. 

The  only  gdrantage  of  nslng  ethylene  oxide  as  a pnalsejat  fuel 
as  obserrod  dtuctog  sea  lerel  statlo  testtog  was  Its  ease  of  starting. 

The  peak  thrust  and  specific  fuel  cmsuiqjtl'on  of  the 
configurations  tested  1 s snnarlsed  below. 

SFC 

HSAK  lbs.  fuelper 

FPg. THRUa;ib.  hr.  lb  thrurt 

1.  Oasollne  (interior  baffled  52  3.3 

fuel  nossle) 

2.  Itl  gasoline  and  liquid  BTO  53 

(by  Tolune) 

3*  liquid  I.T.O.  28  10 

U.  Secospoped  RO  - Axial 

jeotion,  througbi  I5U  holes  Ii6  l5 

5.  OecoBgiesed  ETO  - Hadlal  to-  Started  but  — — 

jectlon  through  #5U  holes  would  not 

continue 

running 

6*  Seoosqiosed  ETO  - Laval  noasle  3*8  102 

(nono-propellant  rocket  thrust  (non-boxnlng) 


Secosqiosed  ETO  - Laval  noasle 
(nono-propellant  rocket  thrust 
only) 

SecQDqposed  ETO  - Laval  noasle 
without  pulse jet  shell  (nono- 
propellant  rocket  thrust) 


11* 

(non-burning) 
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2.  nrTRODOcnoH 

An  imrestigation  of  the  perfomanco  of  ethjleno  oxide  as  a 
fuel,  in  liqtcLd  fom  aa  the  sole  fuel  and  alao  nized  vith  gasoline,  axul 
as  gaseous  deeon^orttion  products  fro*  a rocket  tjpe  gas  generator,  vas 
conducted  under  lie  thrust  augmentation  proilsions  of  Sippleaient  5 of 
Exhibit  "A"  of  Contract  Ho.  AT  33(600)-5860.  Ethylene  oxide  differs 
froa  the  fuels  eoMonly  used  in  a pulsejet  engine  mainly  because  it  can  be 
used  as  either  a bi-propellant  or  a mono-propellant.  In  the  latter  ease 
it  doeoe^oses  into  a mixture  of  gases  uhen  heated  to  a te^;>erature  of 
1060^.  Ih  form  it  is  used  a-  a mono-propellant  rocket  fuel.  Howerer, 
these  gaseous  deee^positien  preduc  will  bum  idien  mixed  vith  air.  It  is 
on  this  latter  basis  as  a gaseous  bl-propeilaxit  that  "ram-rocket"  operation 
has  been  predicted  by  other  inrastigators.  *n  interesting  adlunet  to  this 
study  of  ethylene  oxide  as  a pulsejet  fuel  is  consideration  of  a "pulse- 
rocket"  Jet  propulsion  system,  also  intended  to  bum  the  gaseous  decospo- 
sition  products. 

The  entire  ethylene  oxide  fn^  system  including  control  panel, 
fuel  tanks,  and  gas  generator  was  funddied  by  the  Turbo  SogiiMering 
Department  oiLthe-Jtoerican  Machine  and  Foundry  Company*  Technical  assis- 
tance uas  also  protlded  for  operation  of  the  fuel  system  throu^ont  the 
testing  phase  of  the  program. 

3.  TEST  BQCIPMEHT 

1 - 6,7$"  engine.  No.  KL(K 
3 - 6.7$"  TslTS  boxes 
1 - Axial  injection  fuel'  ring 
1 - Radial  injection  fu^  ring 
1 - DelavaL  nosale 
1 - ^ark  plug,  .06"  gap 
1 - 3.8"  dia.  Tenturi 

1 - Standard  fuel  system  uith  20  gph  fuel  nossle  and  baffle 

1 - B.T.O.  gas  generator 

2 - B.T.O.  service  tanks  aui  valves 
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1 - S.T.O.  tank 

1 - E.T.O.  control  panel 

1 - Nitrogen  praaenrizatlon  tank 


k.  INSTRUMENTAnON 

Ataioepherle  Freaenret  Heretiry  baronater 
Ataoapharle  TaBg>aratiirat  Mercnzy  themonatar 
Atnoaphazle  Hnndclltxt  Sling  pajehroBatar 

Fuel  flovt  Uqnldt  fiahar^Fortar  ■Tloimatar*'  Serial  No.  Ill>lli80/ 

2 accnraej 

Fuel  flowt  gaat  Calibrated  ariflea  and  praaanra  gaga 
Fraqnaneyt  Audio  oadUator  ( 

I 

\ 

Thmatt  Hagen  noil  balance  Thmatorq  natdr,  eaUbratad  U-16-5U 
Shall  Tas|)aratnrat  "TeB^Uatlk"  heat  aenaitlTa  crayons. 


TEST  SI5TEH  OFERATIOH 

The  teat  aettqp  for  controlling  the  dacoi^altion  and  flov  of  E.T.O. 
I consisted  of  a control  panel  vlth  pressure  gagas  and  ranota  operating  Talyas, 
: two  E.T.O.  tanka,  gas  generator  and  a nitrogen  pressurising  tank.  Figure  2 
shows  the  essential  conqponents  of  the  system.  The  E.T.O.  tank  Is  loaded 
through  the  appropriate  tbIto  and  then  pressurised  frcw  the  nitrogen  bottle 
to  the  deslredlTBlue^  through  the  pressure  regulating  Teive.  The  generator 
Is  then  "armed",  l.e.,  the  generator  heater  is  energised  for  3 to  ^ minutes 
to  bring  the  critical  surfaces  of  the  generator  to  a temperature  sufficient 
to  Insure  decomposition  of  the  E.T.O.  idien  It  reaches  the  generator.  Fuel 
flow  Is  controlled  by  remotely  operated  solenoid  Talwes  and  is  measured  by 
: a calibrated  metering  orifice.  After  learlng  the  generator,  the  now  gaseous 
fuel  enters  a manifold  from  iMch  the  engine  connections  were  made. 
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The  E.T.O.  tank  held  jPnel  for  about  5 Kiixntes  of  running  after 
vhlch  the  pressurising  tank  vas  shut  off  and  the  E.T.O.  tank  Tented  to 
atmosphere  and  refilled. 


SIHZIJSKE  onDE 


6.1  Pypperties 

SthTlene  oxide  ie  a ejelic  ether  (C2^0).  It  is  a colorless 

Uq^d  that  freesee  at  -169^  axMS  boils  at  51^*  Sons  properties  of  the 
pareecaq>onnd  in  both  the  liquid  and  Taper  states  are  giTen  in  Table  I.  E.T.O. 
is  a Torj  Tolatile  liqvdd  with  a specific  graritj  of  0.6?.  It  bums  like 
gasoline  as  a liquid  and  also  idien  decomposed  and  mixed  with  adequate  air. 
Storage  of  the  liquid  in  an  aircraft  or  in  supply  tanks  requires  pressurised 
Teasels  since  it  ^s  a Taper  pressure  of  8$  psig  at  160^.  Further  details 
as  to  the  properties^  storage  and  handling  of  E.T.O.  are  presented  in  the 
referenced  literature  from  iddch  Figure  3 and  Table  II  are  extracted. 

6.2  Deconpoaition 

TIhder  certain  conditions  of  tsBperature  and  pressure,  a 
eontkrblled  decoeposition  of  E.T.O.  any  be  maintained  in  a derice  such  as  the 
E.T.O.  gas  generator  used  in  these  testa.  The  liquid  is  injected  into  a 
small  steel  chamber  that  contains  a heating  element  that  is  energised  serexml 
minvtos  before-flrifig  to  proride  a tMperature  sufficient  to  ensure  decompo- 
sition. Once  started,  the  exothemie  reaction  of  decomposition  maintains 
itself  mithout  further  heating.  The  reaction  by  chemical  analysis  is  as 
foUovst 

C2Hj^0*>.92C0  ♦ .79CH^  ♦ .23H2  + .09C2H2^  ♦ .O2CO2  ♦ .O2O2  + .090  ♦ 870  BTU 

Subsequent  burning  of  the  combustible  mixture  mill  yield  an  additional 
10,830  BlU/pound.  The  liquid  and  decmiposed  E.T.O.  bum  similarly  to  liquid 
gasoline  and  gasoline  Taper,  respectlTely. 


7.  DI8CUS5I0H  OF  BESDITO 

7.1  Performance  with  Gasoline 


For  purposes  of  comparison  a typical  static  engine  perfor- 
mance ourre  is  shomn  in  Figure  U f or  an  engine  burning  gasoline.  l>Uel  flow 
Taries  from  75Fph  to  l80pph  from  lean  blowout  to  rich  blowout  with  a peak 
thrust  of  52  pounds  and  a specific  fuel  eonstnption  of  about  3*3  at  peidc 
thrust. 
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The  engine  (Tigure  1)  and  fnel  injection  systen  Tor  this 
gasoline  test  rm  were  the  same  as  used  for  the  liquid  S.T.O.  and  1/2  gaso- 
line, 1/2  S.T.O.  teffb  runs. 

7.2  Liquid  S.T.O. 

Liquid  S.T.O.  was  used  as  a fue'  In  the  same  configuration 
as  was  used  with  gasoline.  Peak  thrust  was  ohlj  about  SOf  of  the  gasoline 
peak  thrust  with  a oerresponding  speoifie  fuel  oonsumptlon  of  about  10.  It 
was  iitferlor  in  perfermanee,  therefore,  as  coaqaared  to  gasoline  both  for 
thrust  and  speoifie  fuel  eonsumption.  The  fuel  flow  range  was  from  35  pph 
to  360  pi^. 

*!  j S.T.O.  Qasoline  Mixture  (Itl  By  Yoltcae) 

S.T.O.  and  gasoline  were  mixed  in  the  S.T.O.  servioe  tanks 
in  a ratio  of  Itl.  This  nixture  was  then  burned  as  a pulsejet  fuel  in  the 
same  engine  and  fuel  systen  oonfignraticm  as  the  gasoline  test  run.  Peak 
thrust  was  53  pounds  which  is  essentially  tiM  same  as  obtained  with  gasoline 
but  the  speoifie  fuel  eonsutqition  at  peak  thrust  was  about  5 coiq>ared  to 
3.3  for  gasoline.  The  fuel  flow  range  raried  fren  100  pph  to  290  pph. 

7.U  S.T.O.  Deewaposed  (Qaseons  Prodticts  of  Deceaposition) 

7.1t.l  Axial  Fuel  Ihjection 

The  S.T.O.  deoosqposition  products  iiere  burned  in  the  sane 
engine  as  above  but  with  a different  fuel  injection  system,  fuel  was  in- 
jected into  the  ooaibustion  chamber  by  means  of  an  axial  fuel  injection  sys- 
tem that  consisted  of  a modified  gasoline  fuel  ring.  The  noesle ^baffle 
and  supporting  fuel  ttibe  were  removed  from  a gasoline  fuel  ring  C^gure  8) 
and  two  l/U"  O.D.  X .035"  ateel  tthes  were  added  with  10  holes  drilled 
on  the  downstream  side  of  the  tubes  (Figure  5).  The  engine  started  wery 
easily  with  only  a momentary  blast  of  starting  air.  Peak  thrust  obtained 
was  about  hO  pounds  which  was  apparently  near  rich  blowout,  althou^  the 
limit  of  flow  available  frtm  the  test  setup  was  reached  and  a ^definite  maxi- 
mom  fuel  flow  was  not  established.  The  fuel  flow  ranged  from  385  pph  at 
lean  blowout  to  a maximum  obtainable  flow  of  535  pph.  ^eciflc  fuel  con- 
sunption  was  15  at  UO  pounds  of  thrust. 
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7»U«2  Radial  Injection  ^ 

1 

Another  noJlfied  gasoline  fuel  rlng'  vae  need  to  prorlde 
radial  inJeetioB  of  the  deeoaposed  S.T.O.  A 6.75”  fnel  ring  vas  drilled 
idth  16  Vo.  5U  boles  around  the  inside  of  the  ring  (Tigure  6).  This  ays- 
tern  provided  naaentary  startixig  hut  vould  not  continue  to  rtn.  The  B.T.O. 
gases  oould  bo  seen  oseapdng  fomard  through  the  valres,  so  that  it  vas 
probable  that  OMibastien  air,  that  atost  enter  throng  the  Talres,  vas  be- 
ing restricted  bj  the  large  Tolme  of  injected  S.T.O.  gases. 

7 *14.3  Socket  (De  Laval)  Vossle  \ 


A third  and  final  fuel  injeetien  configuration  (Figure  7) 
vas  tried  during  perfemanee  testing  ef  the  gaseous  products  of  the  S.T.O. 
gas  generator.  A Se  Laval  xtoasle  vas  installed  so  as  to  expel  the  gases  aft 
on  tte  engine  centerline  in  an  atteiqpt  to  utilise  any  available  thrust  from 
the  roeket  nessle-iir addition  to  the  basic  pulse  Jet  thrust.  This  is  ana- 
logous to  the  baaie  idea  behind  the  "ran-rooket”  configuration.  No  starts 
vere  achieved  idth  this  system.  It  appeared  that  the  Jet  of  hot  gases  vas 
not  spreading  and  filling  the  cenibustioB  chamber,  but  vas  escaping  out  the 
tailpipe  vithout  f oming  a ecmbvstible  nizture  vith  air.  It  seemed  likely 
that  if  the  hot  gases  impinged  on  a bafflo  located  dcsmstream  of  the  rocket 
nossle,  adequate  nixing  vith  air  ni^t  occuri  hovever,  this  vould  practically 
eliminate  the  thrust  ef  the  rocket  nossle  and  thus  defeat  the  purpose  for 
using  the  rookeii4iossle.  Since  only  3.8  pounds  of  non-burning  thrust  vere 
obtained  vith  this  configuration  (giving  an  sfc  of  about  102)  it  vas  not 
eon^ered  practicable  to  develop  the  engine  to  operate  vith  this  systssu 
The  thru  ]t  of  the  rocket  nossle  idien  outside  the  pulsejet  shell  vas  lU 
pounds  vgiviBg  sfc  of  about  28).  The  difference  in  thrusts  must  be 
due  to  internal  drag  betveen  the  rocket  Jet  and  the  pulsejet  shell. 

ting  Teiqperatures 


In  general,  the  pulsejet  operation  vith  B.T.O.  as  a fuel 
resulted  in  engine  shell  teoperatures  of  about  1900?F,  idiich  is  200  to  300^ 
higher  than  encountered  with  gasoline  fuel.  One  effect  of  the  hotter  engine 
vas  to  aocentuate  the  decrease  in  -ttimst  at  constant  fuel  flow  vhen  an 
engine  is  vaming  vp  to  operating  teoperature,  that  has  been  observed  to  a 
lesser  extent  vi^  gasoline.  The  scatter  of  data  riiovn  in  Figure  U for 
the  deeoaposed  B.T.O.  is  due  in  part  to  the  above  effect. 


Manhattan  hach.  c a u t o i n i a 


COITA  MIIA,  CAlirORNiA 


MIIA,  AlltONA 


7*6  Leakage  Problem 

Leakage  of  the  hot  gases  tbAt  leaTO  the  gas  gehorator  at 
high  tea^jeratrre  (1700®F)  and  pressure  (1000  pslg)  required  constant  ro- 
tightening  of  fittibigs  after  each  run,  A Tsrj  eaill  leak  in  a screved 
connection  ^oT^pfogressiToly  vorse,  apparently  dre  to  erosion  of  the 
fitting.  Close  tolerance  screw  fittings  cr  welded  conuections  woiild  bo 
necessary  to  insure  trouble  free  operation  of  this  fuel  system  piping. 

7.7  Generator  Surging 

Directly  associated  with  gas  leaks  was  a form  of  insta- 
bility of  tho  generator  known  as  *diugging"  or  surging.  If  the  pressure 
at  the  generator  inlet  was  too  low  or  if  the  outlet  pressure  was  too  low, 
tho  flow  through  the  generator  would  start  to  surge  at  a low  frequency 
(about  one  cycle  per  second)  but  at  hi^  amplitudes.  Dttring  the  second 
day  of  testing  the  above  difficrilty  caused  failure  of  the  nuts  securing 
the  head  of  the  generator  to  the  chamber  (Figure  9) • A subsequent  stain- 
less steel,  genei'ator  gave  satisfactory  service  throuc^out  the  subsequent 
test,  alwiough  "chugging"  was  not  entirely  eliminated.  Leaks  in  tho  gen- 
erator lines  were  corrected  as  far  as  could  be  ascertained  but  generator 
surge  persisted.  Slight  variation  in  the  properties  of  tho  delivered 
5.T.O.  was  thou^t  to  be  a possible  source  of  the  difficulty. 

7«8  Valve  Box  Life 

Valve  box  life  was  shortened  duo  to  tho  higher  engine  and 
conbustion  tenperatures  that  resulted  from  using  E.T.O.  The  engine  was 
not  run  long  enough  to  determine  valve  life  under  steady  operating  condi- 
tions, but  it  was  obvious  that  the  valves  were  being  damaged  by  heat  in  a 
few  minutes  of  running  time.  The  burning  was  partly  duo  to  the  fuel  in- 
jection location  being  l/U"  aft  of  the  reeds  idxlch  allowed  the  ccmbustlon 
to  start  at  tho  venturi  with  resulting  Hi^  tonperatures  occuring  2 to  3 
Inehos  forward  of  a station  that  would  be  normal  for  gasoline.  Engine 
temperature  tAien  running  on  the  decomposition  products  was  measured  with  a 
"Templlstik'*  crayon  and  showed  a value  of  1900*^  over  nearly  the  entire 
eng'inft  which  is  several  hundred  degrees  hi^er  than  normal  test  stand 
operation  with  gasoline.  The  high  ten5)9rature8  were  not  restricted  to 
parts  of  tho  tailpipe,  transition,  and  combustion  chamber  as  with  gaso- 
line, but  appeared  to  spread  uniformally  over  most  of  tho  engine. 
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7.9  Engine  Frequency 


All  of  the  test  runs  burning  E.T.O.,  both  liquid  and  gaseous, 
provided  frequency  data  that  revealed  an  engine  resonant  frequency  ranging 
from  23^  to  5256  M^er  than  Ite  resonant  frequency |Uhen  burning  gasoline. 

The  natural  frequency  of  the  valves  vas  about  190  cycles  per  second  and  the 
average  recorded  engine  frequency  vas  about  170  cycles  per  second,  vith  r 
resulting  ratio  of  natural  frequency  to  average  forcing  frequency  cf  2tl.l2. 

7«10  System  Weight 


The  vei^t  of  the  test  stand  ccm^onents  for  the  E.T.O.  tests 
vas  about  6OO  pounds  vfalch  Incltdes  the  nitrogen  pressurizing  tank  and  the 
E.T.O.  stpply  tank  but  does  not  include  fuel.  An  estimate  for  the  vei^t 
that  might  he  expected  for  a JClying  version  of  the  fuel  system'  vould  be 
112  pounds.  At 600  pounds  per  hour  per  engine  for  UO  pounds  of  thrust,  1200 
pounds  of  E.f.O.  vould  be  required  for  a one  hour  fll^t.  About  I3OO  pounds 
of  fuel  and  fuel  system  vould  be  required  therefore,  for  a tvo-engined 
sin^e-place  aircraft  to  fly  one  hour. 


8.  CONCLUSIOHS 

Sea  level  static  testing  has  shown  ethylene  oxide  to  be  inferior 
to  gasoline  as  a pulsejet  fuel  with  respect  to  thrust,  specific  fuel  con- 
sun^tlon,  system  con^lexlty,  fuel  handling,  and  system  v^ght.  Ease  of 
engine  starting  was  observed  during  this  program  to  exceed  performance  with 
gasoline. 
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FIGTJRS  5.  ^ 

ETO  FUEL  RIKG  FOR  AXIAL 
INJECTION.  RINO  IS  IN- 
STALLED SO  THAT  HOLES 
FACE  DOWNSTREAM. 


figure  6. 

ETO  FUEL  RING  FOR  RADIAL 
INJECTION.  NO  PULSE JET 
OPERATION  WAS  ACHIEVED 
WITH  THIS  STSTEM. 
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FIGURE  7. 


3T0  FUEL  RING  FOR  INJECT- 
ED ETO  DECOMPOSITION  OASES. 
THE  RING  WAS  INSTALLED  WUH 
THE  LAVAL  NOZZIE  (NOT  SHOWN) 
FACING  DOWNSTREAM.  NO  PULSE- 
JET  OIERATION  WAS  ACHIEVED 
WITH  THIS  SISTEM. 


FIGURE  8. 

( 

Erb  FUEL  RING  FOR  INJECTING 
GASOLINE,  GASOLINE  AND 
LIQUID  ETO,  AND  LIQUID  ETO. 
THE  RING  WAS  INSTALCBD  WITH 
THE  NOZZLE  FACING  DOWNSTREAM. 
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FIGURE  9. 

EHGINE  ON  TEST  STANI)  WITH 
ETO  MANIFOLD  ATTACHED,  SKW- 
INQ  BROKEN  CONNECTION  RESULT- 
IHO  FROM  EXPLOSIVE  FAILURE  OF 
ETO  GAS  GENERATOR. 


FIGURE  10. 

ETO  GAS  GENERATOR  ON  TEST 
STAND  (LEFT)  AND  ETO  SERVICE 
TANKS  AND  PLUMBING  (RIGHT). 


MANHATTAN  ItACM,  CAl  I T O « N I A 


COST  A MESA,  CAllEOKNlA 


MESA.  ARIZONA 


( 'Sk. 


B 


\MER?CAN/fe/ HELICOPTER 


Pa 


OIY’S!ON  OF  FAItCMilO  ENG^N?  A^O  AT?'jiN«  CC?’CfA’'.CN 


TABLE  I 


SOME  PROPERTIES  OF  STHTiatE  OXIDE  \ 


LIQUID  - 

Apparent  Specific  Qrarity,  20/20°  C 
Wt.  per  gal.  at  20^0.  ... 

Coefficient  of  £:q>ansion  at  20°C. 
Water  Solnbility  .... 
Heat  of  Vaporisi^ion  at  1 atm  . 
Flash  Point,  open  or  closed  cup 


. . 0.8711 
. . ^.2h9  lb. 
. . b.C0l6l 
. . Con^lete 
. 2li$  Btu  per  lb, 

. less  than  0*^. 


VAPOR  - 


195. 8°C. 


critical  TeBqperatnre . . ......  . 

Critical  Pressure,  abs I,0li3  lb.  per  sq.  in. 

Ignition  Teuperature  in  air  at  1 atm h29°C. 

Deconqpositlon  Tenperature  of  pure  rapor  at  1 atm.  . 571*^C, 

Heat  of  cooibustion  of  gas,  gross.  . . 308,7  kg-cal.  per  gm.  mol. 
Heat  of  Decc^ositlon  of  gas  ...  . 20.0  kg«'Cal.  per  gm.  mol. 


HAMDUNO  CARE  . 


The  principles  governing  safe  handling  of  Ethylene  Oxide  arise 
from  the  facts  that  (1)  it  is  a flammable  liquid  easily  Ignited,  (2)  its 
vapor  mill  decompose  violently  when  exposed  to  certain  temperatures  and 
pressures,  and  (3)  it  is  toxic  and  therefore  its  vapor  is  not  to  be  in- 
haled, and  (L)  it  is  very  reactive  chemically. 
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TEST  DATA 


ENGINE 


_^5ELFL0W 

23)/hr» 

THRUST 

COMB.CH.HIESS 

IREQ. 

TEMP 

lbs. 

pslg 

cycles/sec 

op 

. (non-tmrn-  “ ."f 
382  27.6 

.7 

— 

1900 

50U 

33.5 

.65 

190 

1900 

AXIAL 

^97 

1*0.1* 

•MMM 

rVEL  IHJBCTIOK  533 

1*6 

•MM 

1*30 

35 

•••MB 

mm^ 

1 

389 

25.7 

' — >■ 

s; 

V’ 

1*31 

28.6 

.... 

... 

•»MB 

>'■ 

521 

33.9 

•••»« 

4. 

1*10  (non- 

J- 

• } 

4 

btimlng)  .91* 

— 

... 

1 

171 

2l*.6 

302 

27.5 

1800 

187 

2l*.6 

«••>•» 

... 

.•M. 

321* 

27.8 

..M 

... 

1800 

UQtm)  ETO 

31*2 

27.2 

..1.. 

MM. 

1800 

360 

26.6 

1.0 

161* 

■4). 

36(LB0) 

6.5 

.17 

... 

■>.. 

1 

.72 

12.9 

.1*5 

151* 

— 

* 

95(1B0) 

f 

105 

6.1* 

.3 

... 

... 

135 

22.2 

1.0  1 

STO  QASQUKE 

225 

ia.5 

1.95  1 

M.. 

2l*0 

1*5 

2.15  \ 

... 

... 

285 

52.5 

2.6 

... 

V 

300(RB0) 

... 

... 

i- 

260 

53.6 

2.1*5 

... 

... 

288(RB0) 

52.5 

2.1*5 

... 

BOCXET  KOZZLB 

389(non- 

negatlTO 

\ 

■j' 

bttnilng)  3.8 

at  least  .2pslg 

.... 
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